Background: Infiltration of immune cells and immune microenvironment determine the proliferative activity of the tumor and metastasis. The aim of this study was to analyze the influence of activation or suppression of the immune response mediators on the prognosis of biliary tract cancer (BTC). Methods: We searched Pubmed, Web of Science, Embase and The Cochrane Library for relevant literatures until June 2016. The quality of studies was assessed by QUADAS-2 and NOS tools. Forest and funnel plots and all statistical analyses were generated by using Review Manager 5.3. The bias of included studies was estimated by Egger's test using Meta R package. Results: A total of 2339 patients from 12 studies were finally enrolled in this meta-analysis. Patients with high expression of immune active factors, intraepithelial tumor-infiltrating CD4+ , CD8+, and Foxp3+ T lymphocytes, MHC I, NKG2D, showed a better overall survival (OS) than those with low expression (HR=0.52, 95% CI=0.41-0.67, P<0.00001). On the contrary, the high expression of immune suppressive factors (CD66b+ neutrophils, Neutrophil-lymphocyte ratio, Intratumoral IL-17+ cells and PD-1+/CD8+ TILs) was significantly associated with poor OS (HR=1.79, 95% CI=1.44-2.22, P<0.00001). A further analysis of therapies targeting tumor microenvironment modulation showed that the median progression free survival (PFS) for BTC patients who received adjuvant immunotherapy was longer than those who received surgery or chemotherapy alone, and the estimated pooled mean difference demonstrated a highly significant improvement (MD =2.33; 95% CI: 0.63-4.02, P=0.007). The total effect of PFS and OS was statistically longer in experimental group, compared to patients in control groups, respectively (PFS: RR=1.25; 95% CI: 1.08-1.46, P=0.004; OS: RR=1.16; 95% CI: 1.07-1.27, P=0.0006). In subgroup meta-analysis of studies on 6-, 12-and 18-month PFS and OS, it showed that adjuvant immunotherapy could improve the 6-month PFS (RR=1.23; 95% CI: 1.05-1.44, P=0.009), and 6-month OS (RR=1.17; 95% CI: 1.06-1.30, P=0.002). Conclusions: So given the above issue, our meta-analysis confirmed that the level of immune mediators could be a predicative factor for prognosis of BTC patients, and immunotherapy regimens by modulating the tumor microenvironment was superior for enhancing median PFS, 6-month PFS and OS.
Introduction
Biliary tract cancer (BTC) is an aggressive malignancy arising from a heterogeneous group of neoplasms of the biliary tract, including intrahepatic cholangiocarcinoma, hilar-cholangiocarcinoma, extrahepatic cholangiocarcinoma, gallbladder carcinoma and ampullary carcinoma [1, 2] . The annual incidence and mortality of BTC is increasing worldwide [3] , with the highest rates in Asia countries and Latin America [4] . Unfortunately, the prognosis of BTC is dismal. The 5-year survival rate of patients with BTC is only at 5% to 40% due to high recurrence and metastases. The median survival from time of diagnosis is less than 9 months [5] .
Surgery, chemotherapy and radiation, currently, are the common treatment modalities for BTC. Surgical resection offers the only potential chance of cure for BTC, however, the majority of cases present as unresectable disease due to the difficulty in obtaining an early diagnosis [6] . Hence, patients with non-operation are generally treated with chemotherapy with or without radiotherapy. Even for patients after surgical resection, adjuvant chemotherapy or radiation therapy is still required in many cases in order to improve the cure. It is a fact that the roles in adjuvant therapeutic regimens have not been established yet. The clinical outcomes of BTC are generally poor, especially for unresectable cases, with the median survival time only 6 months [7] . Therefore, the new modalities of therapeutic strategies for BTC are highly demanded.
Tumor cells are often surrounded by infiltrating immune cells. Immune microenvironment determines the proliferative activity of the tumor cells, invasion and metastasis. In BTC, several immune mediators have so far been investigated [8] [9] [10] [11] [12] [13] [14] . Studies identified immune cell types or ratio including CD4+, CD8+, and Foxp3+ Tumor-infiltrating T lymphocytes (TILs), IL17+, neutrophil recruitment (CD66b+), PD-1/CD8 TILs and neutrophil/lymphocyte (NLR), and analyzed the distribution and clinical relevance of these mediators [8, 10, [12] [13] [14] . Others observed the impact of the expression of major histocompatibility complex class I (MHC I) and natural killer group 2 member D (NKG2D) [9, 11] .
The immune microenvironment has been clarified their tumor-infiltrating immune cells types that intimately influence the outcome of BTC. Immunotherapy, containing passive immunotherapy and active immunotherapy, has emerged as a promising treatment for many malignant diseases in recent decades. For the treatment of BTC, it has also evolved into early clinical studies with encouraging preliminary curative effect [15] . Passive immunotherapy, monoclonal antibodies targeting epidermal growth factor receptor (EGFR) and vascular endothelial growth factor (VEGF), has been reported to enhance the therapeutic effects of BTC [16] . Adjuvant treatments, such as chemotherapies combined with cetuximab (EGFR inhibitor), Erlotinib (tyrosine-kinase inhibitor of EGFR) or bevacizumab (VEGF inhibitor), have also been explored [17] [18] [19] [20] . David Malka [17] designed a randomized, open-label, non-comparative phase 2 trial to assess the efficacy Gemcitabine and oxaliplatin with or without cetuximab in advanced BTC. Both J.S Chen [18] and Seung Tae Kim [20] have reported a randomized and large-scale advanced BTC trial on the therapeutic effect of anti-EGFR agents (cetuximab in combination with GEMOX). Jeeyun Lee [21] designed a randomized phase 3 trial in patients with advanced BTC after treatment with gemcitabine and oxaliplatin plus erlotinib. As for active immunotherapy, using dendritic cell-based vaccine plus activated T cell transfer has also emerged as a potential therapy strategy for BTC. Various approaches for therapeutic immunotherapy in BTC [22] , including MUC1 peptide, MUC1 peptide-loaded DCs, WT1 peptide, Tumor lysatepulsed DCs plus activated T cell transfer and personalized peptide vaccine (PPV), have been applied and clinically reported with promising results. Koichi Shimizu [23] administered an autologous dendritic cell vaccine plus activated T-cell transfer in patients with advanced gastrointestinal cancers.
Herein, we conducted a systematic meta-analysis to assess the effect of activation or suppression of the immune mediators on the prognosis of BTC, and further summarized the trials of immunotherapy regimens by modulating the tumor microenvironment for BTC patients.
Materials and methods

Search strategy
Relevant studies were performed by Pubmed, Web of Science, Embase and The Cochrane Library. 
Inclusion and exclusion criteria
Literatures that met the following criteria were included in this meta-analysis: (i) reported clinical outcomes of immunotherapy or assessed prognostic impact of immune cells/factors; (ii) the case-control study designs; (iii) provided enough information. Studies where raw data was unavailable, incomplete, or the number of enrolled patients less than 15 were excluded.
Data extraction and quality assessment
All candidate literatures were evaluated and extracted by two independent authors (Ying Wang and Min Ding). If disagreement occurred, two authors discussed and arrived at consensus with other authors. For each study, the following information was extracted from included studies: authors, year of publication, tumor characteristics, number of patients, regimen used or immune factors, median time of overall survival and progression-free survival. To assess the quality, both the risk of bias and applicability of a study were analyzed. We used the Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) tool for randomized trials studies [24] . The QUADAS-2 contained four key domains covering patient selection, index test, reference standard, and flow and timing. The "low risk of bias", "unclear risk of bias" or "high risk of bias" was applied to assess risk of bias in Cochrane reviews of interventions. Additionally, the quality of the non-randomized studies was estimated by utilizing the Newcastle Ottawa quality assessment scale (NOS) [25] . The quality was evaluated by three items: patient selection, comparability of groups and the assessment of outcomes. Studies were graded on an ordinal star scoring scale with high scores representing high quality. The score is ranged from zero stars (worst) to eight stars (best). One study was assigned as the credible one with good methodological quality when it equals to or greater than six stars generally.
Statistical methods
For the median progression free survival (PFS) and overall survival (OS) meta-analysis, a random effects model (the Inverse Variance statistical method) was performed, and the statistical analyses were conducted by using pair-wise comparison of the experimental arms with the control arms. Treatment effects are reflected by mean difference (MD) for median PFS and OS in this model. Likewise, treatment effects are reflected by risk ratio (RR) for PFS and OS. The number of events evaluated in each arm was utilized to calculate the pooled RR with 95% confidence intervals (CI) combined the Mantel-Haenszel statistical method with random effects. A pooled hazard ratio (HR) and 95% CI were calculated for immune factors using a random effects model and the Inverse Variance statistical method. The Cochran's Q test (chisquared test; x 2 ) was applied to evaluate whether the results of the studies were homogeneous. All the heterogeneity was quantified by inconsistency index (I 2 ) with 25%, 50%, and 75% representing the evidence of low, moderate, and high heterogeneity, respectively. A p-value of below 0.05 is considered to be statistically significant. Forest plots and funnel plots and all statistical analyses above were generated by using Review Manager 5.3 [26] . Publication bias was assessed with Egger's test using Meta R package.
Results
Selection of the trials
A search of Pubmed, Web of science, Embase and The Cochrane Library identified a total of 833 citations, of which 87 were excluded as they were duplicates ( Figure 1 ). After title and abstract review, 687 studies were excluded for various reasons (77 were reviews, 70 were in vitro experiments, 43 used animal models, 46 was one case report, 13 were conference abstracts, 154 studied other diseases, 221 used other treatments and 63 had no relation to curative effect). The full texts of the remaining 59 articles were assessed for eligibility and were retrieved for a more detailed assessment. We filtered a total of 47 of these studies without a control group or completed patient clinical data. An overview of this process was shown in Figure 1 . As a result, 12 of studies included in quantitative synthesis were selected for meta-analysis.
The characteristics of the populations presented in these reports were summarized in Table 1 . The 12 included papers comprised 4 randomized clinical studies, 8 prospective studies with a matched-pair control group (non-randomized studies). The sources of articles were from the Japan (three trials), Korea (four trials), China (two trials) and Germany (two trials), and one trial was enrolled in the study across France and Germany. Tumor characteristics were reported in all studies.
Quality assessment
In 12 selected studies, the effect of regiments was estimated in five studies. The five articles contained four with all low risk of bias and the left one with unclear risk of selection, performance and detection bias ( Table 2 ). The prognostic effect of immune factors was evaluated in the other seven studies. As is shown in Table 3 , two out of seven studies included multiple hospitals cases. The NOS score indicated that all seven researches were classified as "high" quality studies with equal to or greater than six stars. 
Prognostic impact of immune mediators
In order to evaluate the prognostic effect of immune microenvironment, we performed a meta-analysis on 7 case-control studies to evaluate several immune cells types regarding prognostic factors in BTC.
Immune active factors
For positive immune factors, including intraepithelial tumor-infiltrating CD4+, CD8+, and Foxp3+ T lymphocytes, MHC I and NKG2D, the meta-analysis results revealed that patients with high expression of these factors showed a better OS than those with low expression (HR=0.52, 95% CI=0.41-0.67, P<0.00001). The Cochran's Q-test resulted in a P value of 0.30, and the corresponding I2 was 18%, indicating that the degree of variability was basically consistent in each result of study ( Figure  2A ).
Immune suppressive factors
On the contrary, the high expression of negative immune factors (CD66b+ neutrophils, Neutrophil-lymphocyte ratio, Intratumoral IL-17+ cells and PD-1+/CD8+ TILs) was significantly associated with poor OS (HR=1.79, 95% CI=1.44-2.22, P<0.00001). Also, there was no heterogeneity among studies (I 2 =0%, P=0.82) ( Figure 2B ).
Immunotherapy targeting tumor microenvironment modulation
Median PFS and OS
Information on the median PFS/OS was available for 5 trials. The median PFS for BTC patients who received adjuvant immunotherapy was longer than those who received surgery or chemotherapy alone, and the MD for the five trials demonstrated a highly significant improvement in median PFS for these patients (MD =2.33; 95% CI: 0.63-4.02, P=0.007). The Cochran's Q-test resulted in a P value of 0.07 and the corresponding I2 was 53%, indicating that there was no significant heterogeneity between studies ( Figure 3A) .
Besides, the median OS also showed an improvement trend for BTC patients, however, no statistically significant difference was observed in patients with or without adjuvant immunotherapy (MD=1.03; 95% CI: -1.22-3.29, P=0.37). There was also no evidence of heterogeneity among individual studies (P=0.12, I2=46%) ( Figure 3B ).
PFS/OS at 6, 12 and 18 months
Although there was no significant statistical heterogeneity (PFS: I² = 18%, P=0.26; OS: I² = 0%, P=0.70) among the results of included studies, considering the possible presence of clinical heterogeneity, we conducted subgroup analysis to perform meta-analysis according to 6-month, 12-month and 18-month PFS and OS. For total effect, PFS was significantly higher in BTC patients undergoing immunotherapy, compared to patients in control groups (RR=1.25; 95% CI: 1.08-1.46, P=0.004). The progression-free survival rates were 30.2% (324/1074) for BTC patients in experimental group, in comparison to those in control group (23.4%, 244/1041).
In subgroup meta-analysis of studies on 6-, 12-and 18-month PFS, the 6-month progression-free survival rate was 52.2% (187/358) for BTC patients receiving immunotherapy. In comparison, the 6-month progression-free survival rate was only 41.2% (143/347) in patients receiving surgery or chemotherapy alone. Notably, the estimated pooled risk ratio indicated a highly significant improvement in 6-month PFS for patients who underwent immunotherapy treatment (RR=1.23; 95% CI: 1.05-1.44, P=0.009). The Cochran's Q-test resulted in a P value of 0.61, and the corresponding I 2 was 0%, indicating that the degree of variability was basically consistent in each result of study ( Figure 4A ).
Information on 6-, 12-, 18-months OS was available for 4 trials including 636 patients. For total effect, overall survival was significantly higher in BTC patients undergoing immunotherapy, compared to patients in control groups (RR=1.16; 95% CI: 1.07-1.27, P=0.0006). The survival rate reached 52.2% (349/669) for BTC patients in experimental group. In comparison, it reached only 44.7% (287/642) in patients in control groups ( Figure 4B) . Besides, the 6-month survival rate was significantly raised with a value of 81.6% (182/223) for BTC patients who were enrolled in experimental group. In comparison, 6-month survival rate was 68.7% (147/214) in control group. The estimated RR was 1.17 (95% CI: 1.06-1.30, P=0.002). The Cochran's Q test for these data resulted in a P value of 0.77, and the corresponding I 2 was 0% ( Figure 4B ). Additionally, publication bias was assessed with Egger's test and funnel plots ( Figure 5 ), indicating that there were no significant bias among these studies (P>0.05).
Discussion
Our meta-analysis combined the outcomes of 2339 biliary tract cancer patients from 12 individual studies, confirming that immune microenvironment was related to the prognosis of BTC and immunotherapy by modulating the tumor microenvironment were feasible treatments that can improve median progression free survival, 6-month PFS and 6-month OS combined with surgery or chemotherapy for BTC.
The human immune responses against tumor are mainly dependent on the cellular immunity. Tumor cells are often surrounded by infiltrating inflammatory cells, particularly lymphocytes and macrophages [27] . Current studies found that the successful response of immune checkpoint blockade was basically depended on the sufficient T cell infiltration. And immune mediators in tumor microenvironment were crucial for tumor infiltrating lymphocytes infiltration [28] . Therefore, we performed a systematic meta-analysis on immune factors and their effect on prognosis. The 7 case-control series confirmed that the high level of CD66b+ neutrophils, Neutrophil-lymphocyte ratio, Intratumoral IL-17+ cells and PD-1+/CD8+ TILs were associated with a poor prognosis in BTC. The elevated Neutrophils cells and reduced CD8+ lymphocyte demonstrated an exhausted state of the effector T cells, thus contributing to a progression of tumors [10, 13, 14, 29] . In comparison, intraepithelial tumor-infiltrating CD4+, CD8+, and Foxp3+ T lymphocytes, MHC I and NKG2D were referred as positive factors to prolong the overall survival of patients with BTC. The role of intraepithelial tumor-infiltrating CD8+ T lymphocytes, MHC I and NKG2D has been identified and reported a beneficial prognostic effect of high cell counts in a variety of human malignancies including BTC [8, 9, 11, 12, 27, [30] [31] [32] . Goepport also found a better prognostic impact of both intraepithelial tumor-infiltrating CD4+ and Foxp3+ T lymphocytes. However, the role of these two immune mediators in immunologic anti-tumor response is more controversial in different types of cancers [33] [34] [35] [36] [37] [38] [39] . In this BTC meta-analysis, both intraepithelial tumor-infiltrating CD4+ and Foxp3+ T lymphocytes were associated with a longer survival. This meta-analysis indicated that immune microenvironment was related to the prognosis of BTC. The outcomes revealed the statistical significance in our meta-analysis related to prognosis of immune mediators.
A further observation of immunotherapy targeting tumor microenvironment modulation showed a significant survival benefit with regard to the median and 6-month PFS (P<0.05) but not to the 12-and 18-month PFS (P > 0.05) when patients received immunotherapy. The total effect and 6-month OS was also significantly improved, even though the median, 12-and 18-month overall survival showed no significant affected in patients with or without adjuvant immunotherapy treatment.
There are two possible causes involved in showing no statistical significance concerning the result of 12-, and 18-month PFS and OS. One reason is that 4 out of 5 articles focused on passive treatment regimens. The addition of Cetuximab to chemotherapy showed an improvement on the median PFS in BTC, and a trend of median OS improvement was observed. The intratumoral heterogeneity in patients could lead to the resistant affects in clinical curative and the difficulty in a target for passive treatment regimens. There have been reported that the intratumoral heterogeneity in EGFR mutation status had recently been described and ranged from 13.9% to 27% in some studies [40, 41] . Also, David Malka study [17] is the first and the only to assess the activity of chemotherapy with or without Cetuximab in non-Asian patients with BTC. Moreover, four out of five studies have centered on passive treatment regimens combined with chemotherapy [17, 18, 21] , and one article concerned about active treatment regimens [23] . The different types of cellular immunity could be the other reason. It is well known that tumor could escape the host immune surveillance and is tough to cure. There were different types of immune cells affected the cure of tumors.
Some limitations in our study need to be considered carefully. First, the total sample size is not very large, and several researches did not provide sufficiently long follow-up time. One study did not report the overall survival time. Second, heterogeneity is a potential issue that may affect the interpretation of the results of all meta-analyses. The presence of heterogeneity may result from many other factors, including age distribution, gender, regimens, and vaccine types.
Conclusion
Overall, our analysis demonstrated that the level of immune mediators could be a predicative factor for prognosis of BTC patients, and it turned out that immunotherapy regimens for tumor microenvironment modulation could significantly prolong the median PFS, 6-month PFS and 6-month OS so as to improve the quality of life for patients. Further researches will be in demand, to attempt to exposit the influence of treatment regimens for immune mediators exerts on OS, about immune cells or mediators in tumor microenvironment.
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